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ABSTRACT

Accelerated lifetime tests have been
performed on integrated planar GaAs
Schottky  diodes that were bonded to quartz
substrates up-side-down with a heat-cured
epoxy. Results at 175°C, 200°C, and 240°C
were analyzed using the Arrhenius-lognormal
model. These tests  predict  a  room
temperature hITTF of 3X1 08 hours, a value
that is comparable to conventional high-
frequency planar Schottky diodes. This result
demonstrates that the use of an appropriate
epoxy to obtain GaAs devices on quartz
substrates does not significantly reduce the
lifetime of the devices.

I .  lntrocluction

For very high frequency applications, quar(z
is a desirable substrate material, because it has
lower loss and lower dielectric constant than
GaAs. One possible method of obtaining
semiconductor devices on quartz substrates is to
usc a bonding agent such as epoxy. A tccbniquc,
named QUID (for Quart?, substrate Up-sidc-
down Integrated Device), has been dcvclopcd  to
p r o d u c e  G a A s  Schottky diodes on cluartz
substrates for millimeter and submillimcter wave
applications [ 1 ,2]. In this technique, planar
GaAs Schottky diodes arc rnountcd up-side-down
onto quart?, substrates for space-borne
radiometers that operate at frequencies up to 640
GHz. After successful performance
demonstration, it is now desirable to study the
failure mechanisms associated with such
structures.

Figure 1 shows a cross-sectional schematic
of the QUID structure. The anode of the

Schottky contact is made with a T-like structure
at the end of a long strip of metal that extends
over a central air gap. Two such diodes are
al-ranged in an antiparallcl configuration.
I;ollowing the integration of the diode with the
RF’ microstrip  filter circuitry, the entire circuit is
bonclcd  upside-down onto a 50 micron thick
quartz.  substrate with a heat-cured epoxy [3].
~’his bonding agent also fills the air gap under the
fingers, and this may be a factor in the device’s
reliability. l~inally, all of the CiaAs substrate is
ctchccl cxccpt for two small n~csas around the
active region with the two planar diodes [4].
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Fig(ire 1: Cro.s.T-sectional schernfltic  of the
.stclrting atld  etditlg point of the QUI[)  process.

II. Accelerated Lifetime Procedure

The model used for the accelerated lifetime
tests is the Arrhcnius-lognormal  model. This
model is widely used for t3aAs devices [5], and
states that the failure times for a batch of dcviccs
have a lognormal distribution about the median
time to failure (the time for 50% of the devices to
fail). This median time to fnilurc,  in turn, is
related to absolute tcmpcraturc  by the rclntion
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t=({,cxp(E,@T), (1)

where t is the rncan time to failure, E,, is the
activation energy measured in cV, k is
Bol[mann’s  constant ,  and ‘I’ is the ahrlutc
tcn~pcraturc,

An automated systcrn  was used to conduct
the accclcratcd Iifctinw tests [6]. The QUII)
structures were placed unbiased in a nitrogen -
purgcd high-tcrnpcrature  oven for an cxtcnclcd
period of time. The tcrnpcraturc  was slowly
rarnpcd up from room ternpcr-aturc with the
devices already nlountcd inside the oven. Dcvicc
IV characteristics were tnonitored in-situ, once
every hour, with a cornputer-contro  llccl data-
acquisition system. Nominally fifteen devices, or
thirty anodes, were tested at each of three
tcrnpcratures:  175°C, 200°C, and 240”C. These
devices were rnountcd  onto ccrarnic chip carriers
using twwparl epoxy and gold wire bonds, and
subsequently placed in a high-temperature wiring
fixture designed to withstand 250°C.

In defining what constitutes a failure for the
QUID structures, wc usc a failure criteria based
on the DC IV characteristics that nlay help us
predict the device’s pcrfornlance  degradation at
RF frequency applications. A device is
consiclcrcd to have failed if any of three
conditions is met: (1) diode idcality factor, II,
changes by 10%, (2) diode series rcsistancc, R~
changes by 2( F%, (3) diode turn-on voltage, V.
(voltage where current is 1 vA), changes by tnorc
than 20910.

‘rhc zero percentage change baseline for
each of these three parameters is calculated by
averaging a diode’s pararnctcr  during the first
few rncasurcmcnts  at the test tctnpcraturc.  This
is to smooth out sornc  of (hc noise duc to
measuring errors. For each device, when any of
its three parameters meets the failure criteria, the
time since the beginning of the test tcrnpcraturc
period is recorded. The failure tirncs  arc plotted
on a lognorrnal graph paper, and an apparent
linear regression line is constructed to determine
the rncclian tirnc to failure and the standard
deviation at each tenlpcraturc.

III. Results and Discussion

Figure 2 shows the Iognormal distribution
plots for the three Iifctimc tests. The standard

dcviati[)n  is 0.2 for the 175°C test, and ().6 for
both the 200°C and 2400C test. The three
median tirncs to failure arc then plottccl against
tcn~pcr:iturc to give the Arrhcnius  plot, shown in
F’igurc  3. ‘1’hc  best-fit Iinc, when extended to
230c, gives an cstillmtcd nlcarr tirnc to failure at
room tcrnpcrature  of 3X 108 hours . This is
comparable to the values obtained in previous
studies of  planar  Schottky diodes at  the
University of Virginia [7,8]. Assuming a single
fai lure rnrrdc is responsible at all three
tcmpcraturcs,  the slope of the Iinc gives an
activation energy of 0.94 cV.
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f’igurc  2: [)evice fctilures at 17S°C, 200°C, atd
240°C.  Failure  criteria is either ,Aq, >1070,

IAR,,I >20Y0,  or lAV01>209’0.
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Figure  3: Arrhenius Plot  for JPL 640 GIIz
QIJI[)s

It must bc noted that the test pcrforrncd at
175°C was not conduc[cd with the sarnc high-
(crnpcraturc fixture that was USCCI in the other two
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It is assultlcd lllat (Ilc uncxpc’c(cd  [~cluvi[)r in the
175”’(’  [cst data wa~ cauwd hy dcg(:d:~(i<~n  (JI the
circuif hfmrd  rather  lhan the Ql_JII) s(ruc[orcs,

‘[’his rllay also csplain Illc I()\\,ct- slandard
dcvia[ion  v a l u e  [or this ICSt in fl:urc  4. 1( is
Iikly thdt lhc Iaiiurc  tirncs at I 75”C a r c  undcr-
cs[irna(cd, and th:it Wc h;lvc L’alculatd a

conscri,a[ivc  value [or (hc M“l’’I’l~  a[ r o o m
temperature.

}:iglire  4: SlN4  pkto of a Q(JII)  sttl(ctut-e  ofter
240°Cl lt~etittw tc.st. 7’tli.v dcviccf(lilcd

catastropll  ico lly, and  thcr-c is a crack  itl the
C/)o.t-y (t td G<(A  s tticso S.

[:i,q[(rt,  .5: .YEA4  plmlo ofa QUI[)  stt-r{ctitre after
240< ’(7 lr’fi[ittlc lest. 7hi.s dc kicc dccqrd(lcd

,qt-{i(lri(lll>, <III(I .vllou,.v ti<) .vi,ytl.v of (t-(l( k.< itl ttlc
[;(l/\.Y lllcs(l.\.

A n  allclllpl wa~  ftudc 1 0  dclcri[linc  t h e
I[lcc.l]:lnisllls th:lr WCKJ rc~p(]n~ihlc  I’(Jr dcvicc
filll UICS. [;()![{)\~lll~ ttk’ ilL’L’C]L’rdtCd  llfC[llllC  [L’St,

dck, iccs wc rc inspcc[cd will] a n oplical
r])icroscopc  and a scanning clcclron nlicroscopc,
l’hc Sf;M analysis showed [hat there are at Icast
(w()  (ypcs of failorc mcchanisrns,  and that they
a rc  related to ditl’crcnt  (aiturc paths, Figure 4
shows a Llcvicc that failed catastrophically (that
is, its IV characteristic changed abruptly), and
figure 5 shows a dcvicc that lailc(f gracefully
(that is, its IV parameters slowly degraded before
it rnct the failure criteria).

“[’he observed crack in figure 4 sccrns  to bc
along the Icngtb of the two flngcrs in the central
epoxy rcgicrn, and along a crystal plane in the
scnliconductor  rcgirrn, but no such crack is found
in fl.gurc  5. If this mechanical deformation

rcachcd the Schottky contact region, it may have
caused the abrupt electrical change. The high-
ternpcraturc  stress possibly caused a structural
s[rcss  buildup before it was released in the form
of a catastrophic crack. Currently we are
investigating other non-structural failure
mechanisms that might bc responsible for tbc
dcviccs  that failed with gradual degradation.

IV. Conclusions

Based on results from accelerated lifetirnc
tests at three different tcrnpcratures,  the 640 GHz
QIJIf)  circuits were determined to have a room
tcmpcraturc  M’1”1’F  of 3X10R hours,  with an
activation energy of 0.94 eV. Based on the SEM
inspcctiorrs, it was shown that there is a
correlation between cracks in the device structure
and catastrophic failures in the electrical
behavior. Other  fai lure  rncchanisrns are
responsible for non-catastrophic failures, since
structural deformation was not observed for all
dcviccs  that failed with gradual degradation.
Results from further reliability tests and failure
analyses will enable us to better understand these
rnechanisrns.  The MITE values obtained from
this work show that the QUII) process can be a
useful tcchniqrrc  to obtain CIaAs devices on non-
serniconductor  substrates. This technique could
also bc useful for other api)lications  where a
dissin~ilar  substrate is required.
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